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Vibrational signals in sympatric species of leafhoppers: 
Paralimnini (Homoptera: Cicadellidae: Deltocephalinae) 
in the valley of Irkut River, Eastern Siberia — a case study 


Bu6payMoHHple CUTHAAbI CUMNATpPUYECKUX BUAOB IMKaAOK: 
uccAeAOoBaHue Ha npumepe Paralimnini (Homoptera: Cicadellidae: 
Deltocephalinae) s AoanHe Upxyra, BocrouHaa Cu6upr 


D.Yu. Tishechkin 
A.O. TnumeaKkun 


Department of Entomology, Faculty of Biology, M.V. Lomonosov Moscow State University, Vorobyevy Gory, Moscow 119991, 


Russia. E-mail: macropsis@yandex.ru 


Kadeapa 9HTomMonoruu buonormueckoro daxynbteta MockoBckoro rocyyapcTBeHHoro yHuBepcuteta uMeHH M.B. Jlomonocosa, 


BopoOsésnr lop, Mockga 119991, Poccua. 


KEY WORDS: leafhoppers, Cicadellidae, Paralimnini, vibrational signals, communication channels, acoustic 


niches, habitat preferences. 


KJIFOUEBBIE CJIOBA: makama, Cicadellidae, Paralimnini, BuOpanMoHHbie CHTHAJIbI, KaHaJIbI CBA3H, 


akyCTHUecKHe HAWA, OnorommueckHe Tipe iouTenua. 


ABSTRACT. Comparative investigation of vibra- 
tional calling signals of leafhoppers of the tribe Paral- 
imnini (Homoptera: Cicadellidae: Deltocephalinae) in- 
habiting the meadow and adjacent biotopes in the valley 
of Irkut River (Buryatia, Eastern Siberia) showed that 
the signal temporal pattern quite often is almost identi- 
cal in different species. In all cases the forms producing 
similar signals were spatially isolated. It is supposed 
that these are differences in habitat preferences, which 
provide segregation of acoustic communication chan- 
nels in such species. 


PE3IOME. CpapuntembHoe uccsieqoBaHve BuOpa- 
IMOHHBIX IIPH3bIBHBIX CHTHAJIOB WHKa{OK TpHOp! Para- 
limnini (Homoptera: Cicadellidae: Deltocephalinae), 
HaceJIAIOWMX JIYr H OpuIexane OMOTOMBI B OME 
Upxyta (Byparns, Bocrounaa Cu6upb), nokasalo, YTO 
BPe€MeHHOHM PHCYHOK CHTHAJIOB pa3HbIX BUOB OCTA- 
TOYHO 4aCTO ObIBaeT IpPaKTHYECKH MCHTHYHbIM. Bo 
BCeX CJIyY4aaX POPMBI, H3JAI0NJHE CXOMHÞIC CHTHAJIDI, 
OKa3bIBAJIMCb INpPOCTpaHCTBEHHO H30JIMpOBaHHBIMH. 
BeposTuHo, y TAKHX BHJJOB HMeHHO pa3JIH4HA B OHOTO- 
IMYeCKON MpHypoueHHocTu ObecteuHBaIOT paz gee- 
HHE KaHaJIOB aKYCTHYeCKOM KOMMYHHKANMH. 


Introduction 


Presently it is known that sympatric species using 
intraspecific acoustic communication differ from each 
other in the structure of signals, thus each species occu- 
pying its own “acoustic niche” [Riede, 1996; Sueur, 
2002; Bukhvalova, 2006; Tishechkin, 2008b]. In the 
special case that two species produce signals with sim- 


ilar structure, they always demonstrate spatial, temporal 
or seasonal segregation. For instance, two Far-Eastern 
species of Podismopsis Zubowsky, 1900, P. ussuriensis 
Ikonnikoy, 1911 and P. genicularibus (Shiraki, 1910) 
(Orthoptera: Acrididae) differ clearly from each other 
in the temporal pattern of calling songs. In the Siberian 
P. poppiusi (Miram, 1907), which is allopatric with two 
abovementioned ones the song sometimes is almost 
indistinguishable from this of P. genicularibus [Tishech- 
kin, 2008a]. Similar situation is observed in a number of 
other species of Gomphocerinae (Orthoptera: Acrid- 
idae): the forms producing similar signals are either 
allopatric or inhabit different biotopes within the same 
territory [Bukhvalova, 2006; Tishechkin & Bukhvalo- 
va, 2009]. 

In small Auchenorrhyncha (Homoptera) using for 
communication vibrational signals transmitted via the 
solid substrate, i.e. plant stems and leaves the situation 
is somewhat more complex. Species producing similar 
signals can inhabit the same territory and biotope if 
dwell on different plant species. Since vibrational sig- 
nals cannot be transmitted from one plant to another 
without physical contact between them, such forms, as a 
rule, does not perceive signals of each other [Tishech- 
kin, 2007, 2008b]. 

On the other hand, in the most part of grass-dwelling 
forms males adopt “call-fly” strategy when searching 
for the conspecific female [Ichikawa, 1976; Hunt & 
Nault, 1991]. They move from one stem to another 
producing calling signals on each plant. As a result, the 
male can occasionally sing on non-host plant species. 
For example, during field recording of the signals of the 
plant-lice (Homoptera: Psyllinea) on Achillea millefoli- 
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Fig. 1. The scheme of the spatial arrangement of the biotopes investigated (not to scale). 
Puc. 1. Cxema pacnosoxeHHA HCCJICŢOBAHHbIX OnOTOMOB (MactuTaO He coOH0 EH). 


um L. (Asteraceae) we have observed the male of Gra- 
Pphocraerus ventralis (Fallén, 1806) (Homoptera: Ci- 
cadellidae) producing calling signal on the stem to 
which the recording equipment was attached. It is com- 
mon knowledge that this species feeds on various 
Graminea; thus even the differences in host specialisa- 
tion do not always provide acoustic isolation between 
sympatric species of leafhoppers. Apparently, in such 
cases segregation of communication channels in the 
forms producing similar signals can be provided only by 
differences in the biotope preferences. In the present 
paper the results of comparative analysis of signals of 
sympatric (i.e. inhabiting the same territory) species of 
Paralimnini (Homoptera: Cicadellidae: Deltocephali- 
nae) supporting this hypothesis are presented. 


Material and methods 


Investigations were performed in the valley of Irkut 
River about 5 km west of Mondy Village (80 km west of 
Kyren), Buryatia, Eastern Siberia during the period 27 
June — 5 July 2009. 

The scheme and general view of the study area are 
provided on Figs 1—2. The main bed of Irkut River was 
bordered by narrow stripe of the stony flood-land with 
scattered clumps of trees and bushes, mainly Populus 
suaveolens Fischer and several species of willows. The 
flood-land was separated from the surrounding mead- 
ows by the dry river-bed with several small bogs and 
pools. Along the outer line of the dry river-bed the 
thickets of willows were growing. Then followed the 
meadow about 300 x 300 m situated on the flat bottom 
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Fig. 2. General view of the study area from the point shown in Fig. 1. 
Puc. 2. OOmmii Buy paiioHa uccieqOBaHUH C TOUKH, OOO3Ha4eHHO! Ha pu. 1. 


of the valley. In the main (central) part it was dominated 
by rather xerophytic vegetation including several spe- 
cies of Graminea, Artemisia sp. and Potentilla sp.; in 
certain places Thalictrum petaloideum L. (Ranuncu- 
laceae) was also numerous. On its eastern border the 
meadow gradually changed into the bog around the 
small brook flowing to the river. In the wet part of the 
meadow vegetation was more mesophytic and diverse: 
in appearance this part differed from the main area due 
to the presence of the bushes of Pentaphylloides fruti- 
cosa (L.) O. Schwarz (Rosaceae) and bright-orange 
flowers of Trollius asiaticus L. (Ranunculaceae). The 
bog itself was dominated by several species of sedges 
(Carex spp.); in certain places the thickets of willows 
and young birches were present. Also, several larch 
trees (Larix sibirica Ledeb.) were growing near the 
spring. The road going along the mountain slope cov- 
ered with steppe vegetation formed the northern border 
of the meadow. In addition, in the eastern part of the 
meadow there was a place differing much from the 
surrounding areas due to the utter absence of dicotyle- 
donous plants. Evidently, the temporary sheep-fled was 
situated here some time ago; now it was overgrown with 
two or three species of Graminea. 

The representatives of Paralimnini were collected in 
different parts of the meadow (in the main part, more 


wet area on the eastern border and on the place of the 
former sheep-fled), in the bogs in the dry river-bed and 
along the brook and on the steppe slope. Quantitative 
investigations of the leafhopper fauna, as well as special 
studies of species composition of vegetation were not 
performed. Data on distribution of species of Paralimni- 
ni in different biotopes are given in the Table. It should 
be noted, that in certain cases single specimens were 
also found outside their typical habitats. 

Vibrational signals were registered by means of the 
crystal gramophone cartridge GZP-311 connected to 
the microphone input of minidisk recorder Sony Walk- 
man MZ-NH900 via the custom-made matching amplifier. 
Recordings were made in the tent immediately after col- 
lecting the insects. Temperature during recording aver- 
aged from 24-26 to 32-35 °C. Only calling signals pro- 
duced by male for attraction of conspecific female were 
analysed. In two last species in the Table, Pantallus 
alboniger (Lethierry, 1889) and Psammotettix koeleriae 
Zachvatkin, 1948, we failed to make signal recordings. 

The material examined is deposited in the collection 
of the Zoological Museum of M.V. Lomonosov Mos- 
cow State University. Interpretation of Rosenus step- 
posus Vilbaste, 1965 and Falcitettix sibiricus Linna- 
vuori, 1953 is accepted after Vilbaste [1980] and Emely- 
anov [1989], respectively. 
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Results and discussion 


In contrast to many other species of small Auchen- 
orrhyncha, the most part of representatives of Paralim- 
nini produce rather simple calling signals consisting of 
single or regularly repeated syllables [Tishechkin, 2000, 
2007]. For this reason signal temporal pattern in repre- 
sentatives of this tribe quite often is similar or even 
indistinguishable in different species. 

Syllable repetition period in Paralimnini usually 
varies to a great extent and cannot provide reliable 
diagnostic characters (Figs 5, 7, 11, 16). Among species 
studied Sorhoanus xanthoneurus (Fieber, 1869) is the 
only exception: normally, its song consists of regularly 
repeated syllables and gradually increases in amplitude 
towards the end (Figs 13—15). 

The shape of syllables in a number of species is also 
variable due to irregular amplitude modulations (Figs 
8-10, 25-28, 30-31). Occasionally certain syllables 
consist of several fragments separated from each other 
by distinct amplitude minimums, but in other signals 
such modulations are almost entirely flattened (Figs 25— 
26 and 27-28). As a result, the duration of syllables 
remains the only reliable parameter for discrimination 
between signals of different species. However, the most 
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part of species studied can be united in several groups 
according to this character (Table). Within each group 
syllable duration has almost the same values in different 
species. 

The first group includes two species of Psammotet- 
tix Haupt, 1929, namely, P. koreanus (Matsumura, 
1915) and P. striatus (Linnaeus, 1758). Their signals 
consist of short syllables, repeated with more or less 
regular, but variable intervals (Figs 3—6). The ranges 
of variability of syllable duration in these species 
overlap almost completely (Table). However, this is 
no barrier to successful communication because these 
species were never found in the same biotope. 
P. koreanus was collected on the mountain slope with 
steppe vegetation, whereas P. striatus inhabited the 
main part of the meadow including the place of the 
former temporary sheep-fled. Thus, these species dem- 
onstrated distinct spatial segregation in spite of the 
fact that the biotopes inhabited by each one were sepa- 
rated only by a narrow border. 

Cosmotettix paludosus (Ball, 1899), Sorhoanus xan- 
thoneurus and Rosenus stepposus form the next group of 
species producing similar signals (Figs 7-15). The shape 
of syllables in all three ones is almost identical; in 
S. xanthoneurus syllables as a rule are grouped into 


Table. Duration of syllables of calling signals of Paralimnini, temperature during recording and distribution of species by 
biotopes. Bold lines separate the groups of species producing signals with similar temporal pattern. 

Tamna. JIMTeJbHOCTb CepHii B IIpH3bIBHBIX CurHasiax Paralimnini, Temmepatypa BO BpeMA 3alIHcH H paciipeyesmeHve BUOB 
TO Ouotoram. [pynitbt BHAOB, H3{alOWMxX CHTHasIbI CO CXOXHbIM BPCMeHHBIM PHCYHKOM, pa3J{eJICHb! KHpPHbIMH JIHHHIMH. 


















































Biotope 
Q * on 
E ee dh E g Meadow 
=| : 3 
Species 5 -£ = = 2 , The Eastern The bog in| The bog Steppe 
S55 EE Main | former the dry |along the 
BCS a (wet) |. slope 
2 g AR part | sheep- river-bed | brook 
a h part 
fled 
Psammotettix koreanus (Matsumura, 1915) | 24-25 60-110 ++ 
IP. striatus (Linnaeus, 1758) 25 70-110 ++ ++ 
Cosmotettix paludosus (Ball, 1899) 27 240-330 ++ 
IRosenus stepposus Vilbaste, 1965 25-26 | 240-270 | + 
Sorhoanus xanthoneurus (Fieber, 1869) 25-26 | 280-360 ++ + 
IP. kolosvarensis sibiricus Vilbaste, 1980 25-27 | 120-250 PF 
Diplocolenus abdominalis (Fabricius, 1803) | 25-26 | 120-220 ++ 
\Hebecephalus changai Dlabola, 1965 31-33 | 550-1500 ++ + 
Sorhoanus hilaris (Melichar, 1900) 31 650-1000 | ++ 
\Mocuellus hordei Emelyanov, 1964 24-26 | 650-900 H+ t t 
Falcitettix sibiricus Linnavuori, 1953 32-35 |2000-2800] ++ F 
Tiaratus caricis Emelyanov, 1961 25-27 50-60 H+ t H+ 
\Pantallus alboniger (Lethierry, 1889) Not recorded + 
Psammotettix koeleriae Zachvatkin, 1948 Not recorded P 











++ — numerous, + — single specimens 


“For D. abdominalis and M. hordei the values of duration of the main part of signal (i.e. excluding initial short pulses) are given. 
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Figs 3-15. Oscillograms of calling signals of Paralimnini. 3—4 — Psammotettix koreanus, 5—6 — P. striatus; 7-10 — Cosmotettix 
paludosus; 11—12 — Rosenus stepposus; 13—15 — Sorhoanus xanthoneurus. Faster oscillograms of the parts of signals indicated as “4”, “6”, 
“8”, “12” and “15” are given under the same numbers. 

Puc. 3—15. OcyuanorpaMMbI NpH3bIBHDIX CHrHasoB Paralimnini. 3—4 — Psammotettix koreanus, 5—6 — P. striatus; 7—10 — Cosmotettix 
paludosus; 11-12 — Rosenus stepposus; 13—15 — Sorhoanus xanthoneurus. PparMeHTbI CHTHAJOB, MOMe4eHHbIe tuppanu “4”, “6”, “8”, 
“12” n “15”, mpeycTaBseHbl Opu Sobel CKOpOCTH pa3BEpTKH Ha OCIMJIOrpaMMax MOM COOTBETCTBYIOIMMH HOMepaMH. 
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Figs 16-31. Oscillograms of calling signals of Paralimnini. 16-17 — Psammotettix kolosvarensis sibiricus; 18—21 — Diplocolenus 
abdominalis, 22-28 — Hebecephalus changai; 29-31 — Sorhoanus hilaris. Faster oscillograms of the parts of signals indicated as “17”, 
“19”, “25-28” and “30” are given under the same numbers. 

Puc. 16-31. OcuuanorpaMMbl NpH3bIBHbIX CHTHANOB Paralimnini. 16-17 — Psammotettix kolosvarensis sibiricus, 18—21 — 
Diplocolenus abdominalis; 22-28 — Hebecephalus changai; 29-31 — Sorhoanus hilaris. DparMeuTbI CHTHasIOB, IOMedeHHbIe WHPpaMu 
“17,19”, “25-28” n “30”, mpeacTaBJIeHbI Ip OobUel CKOPOCTH pa3BEpTKH Ha OCHHJIJIOTpaMMAaX INOJ COOTBETCTBYIOLIMMH HOMepaMH. 
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Figs 32—42. Oscillograms of calling signals of Paralimnini. 32-34 — Mocuellus hordei; 35-39 — Falcitettix sibiricus, 40-42 — Tiaratus 
caricis. Faster oscillograms of the parts of signals indicated as “34”, “37-39” and “41” are given under the same numbers. 

Puc. 32—42. OcuussorpaMMBbI NpH3bIBHbIX CHTHAJIOB Paralimnini. 32-34 — Mocuellus hordei, 35-39 — Falcitettix sibiricus; 40-42 — 
Tiaratus caricis. DparMeHTbl CHTHAJIOB, MOMeyeHHbIe WHdPpamu “34”, “37-39” n “41”, mpezcTaBueHbl Ip OobUIel CKOpocTu pa3BépTKU 


Ha OCUMJIJIOrpaMMax MO, COOTBETCTBYIOINMMH HOMepaMH. 


echemes, whereas in two other species they can follow 
each other with irregular intervals. Similarly to the previ- 
ous case, these species for the most part were spatially 
isolated. R. stepposus inhabited the meadow with the 
exception of its eastern wet border; C. paludosus was 
found only in the bog near the brook. S. xanthoneurus 
formed the dense compact population in the small bog in 
the dry river-bed. Several specimens were also found in 
the bog near the brook, still C. paludosus was far more 
numerous here. Since the songs of the latter two species 
have certain differences, their coexistence in the same 
biotope is possible. On the other hand, the pattern and 
repetition period of syllables in these forms are almost 
identical; apparently, this is the reason why they demon- 
strate the tendency for habitat segregation. 


Calling signals of Psammotettix kolosvarensis (Mat- 
sumura, 1908) and Diplocolenus abdominalis (Fabri- 
cius, 1803) are also similar both in syllable duration and 
temporal pattern (Figs 16—21). In D. abdominalis a train 
of short pulses usually precede the syllable, but occa- 
sionally this component is almost reduced (Fig. 21). 
P. kolosvarensis inhabited the main part of the meadow, 
whereas D. abdominalis occurred only in the wet places 
next to the bog around the brook. 

Hebecephalus changai Dlabola, 1965 and Sorhoa- 
nus hilaris (Melichar, 1900) being indistinguishable in 
the syllable duration (Figs 22-31) also were spatially 
separated. The former species was found only on grami- 
neous vegetation on the place of the former temporary 
sheep-fled; occasionally, single specimens were col- 
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lected in the wet part of the meadow near the bog. On 
the contrary, the latter one inhabited only the places 
with xerophytic vegetation in the main part of the mead- 
ow. 
The signal of Mocuellus hordei Emelyanov, 1964 
has rather complex structure and differ much from these 
in other Paralimnini (Figs 32-34). In Falcitettix sibiri- 
cus calling signal is a very long monotonous fragment, 
far exceeding in duration the syllables of sympatric 
species (Figs 35-39, Table). In Tiaratus caricis Emely- 
anov, 1961 only very short clicks were registered; they 
also differ distinctly from the songs of sympatric forms 
(Figs 40-42). 

Therefore, as can be seen from the data presented, 
the similarity of the temporal pattern of calling signals 
in certain groups of small Auchenorrhyncha is not a rare 
case. In 9 of 12 studied species of Paralimnini the 
structure of signals is not unique and is more or less 
similar with this in one or two other ones. Moreover, 
Species producing signals with similar structure quite 
often can be found in the same locality in the places 
situated at a distance of 10—15 m from each other and 
are formally sympatric. Only close investigation of their 
spatial distribution allows revealing their isolation. Thus, 
segregation of vibrational communication channels in 
grass-dwelling leafhoppers, evidently, can be provided 
by differences in habitat preferences. For polyphagous 
or oligophagous sympatric species having the same 
breeding season this is the only way to avoid occupying 
the same acoustic niche. Species producing signals with 
similar pattern were never found in the same biotope in 
the region of our investigations. These data are in good 
agreement with the results of the previous investigations 
of the examples of similarity of signals in Paralimnini 
[Tishechkin, 2007] as well as in other small Auchenor- 
rhyncha [Tishechkin, 2008b] and in the grasshoppers of 
the subfamily Gomphocerinae (Orthoptera: Acrididae) 
[Tishechkin & Bukhvalova, 2009]. 
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